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(54) [&9l©«i|*] S^S^SS^mftil 



(57) imm) 

ism ®#m&nmtmmmz*\,*T, tfctuswfli^ 
;vjt$*n~i5 noix©S!i^7?v>^>s-&*s-a--5. 



—195- 



1 

mxm i ] ^mmnmum mmom&mm t \m 
mmm t*M t e. tzz>E.w?mo-uiz-? ># 

2 1 mftmftmmno o%'>tz<t m&m 
nmmmiznzmmmiz&^T. $-&m7i,mz*i? 

TV>£, B*31Gtte>BftlflFKaBfm. 

tMW5~ 50mol %©SJ-&TV>5tf>*^^r^n 

[0 0 0 1] 
[0002] 

ltt*©ttl] a^lfifSi«5Rffii (Solid Oxide Fu 
el Cell : SOFC) Cfc^Ttt. x*»||T©#lfcJ:* 
•l£8l*#**V>©"e. jUHiaofStttftATftlt 

«. Cod&A. «& Ifflffoittft:*. sgfcgis 

[0 0 0 3] aft, j^lWTOil/T^yfrJI'-SW 
3=7tf-*y h*«-HRWT**. £©#&«> 

y h*»»«anTW» (1991*, mAfls9fk9**flHK 
SI*. 2G 27 ) . *fc, J>*3=7Oft0l: PrOx , 
Ce0 2 ?£fflVifc-y— hfefi3g^nT^S(1991 I 
ftfl&f^AMttKII. 2G 20 ) . 

[00 04] 

l&tfti 2500*CtiS<, ^^^3=7*-^ 

&im<. $&m&\ts.\,». *&. -fyttyoj* (p 

r)> CeO, . JVx=^A*K, #ftCfffftt#^ftH'C 

ft q n x h«ta < . *Ea©«s**mi£5i ar 

*tttffl*»ftv». #589J©SgS«> itffcWeaxhft^ 

s-c, jroiio&ttftgHrett&u soFc^mom 

[0 0 0 5] 

i®mzmvrrz>rzib<D&®i Baron 

mil0lllff£B{MMrK&lffi&*&ttSHI 

[0006] mBvmtmiHaM'KtsiMitfrztt&E. 



(2) #BI¥5-190183 

2 

5£*U~15 mol%©g!l£TV>;tf>£-&W£ii£. H© 
mWz-D^T. ■iyb 1 ) 7f£fEiti?)Vn — 7 (YSZ) 

ifiWtVbtlZWl ©+#jfi#lC43^T, Y.Os . ZrO* ft 
i0 Mn ftWIV^HStS. -tLT, -f 7 HJ7© 
t;i/Sctv;i/3=7© ; EJPScf7>^>©^;vS!i:©-&W- 
£100 ■sr>#>© ; t;Hfc£l~15£tfctt 

n«fc£&^©-?*s. 

[0007] mwrnmnostminmimttztiin 

(a) |*tt^yhU7**flS5W3:=7fc,l:'3T. ffitt 
XHAK©B#l*l&*rt-r«. JfefcT. -fyHJT 
«Jfcfc5W3:27®*fc MnOx |3fe£«A6U 
^ -*jt0, C©X9U-*±B©B#l*W©*Bfcl 

[0 0 0 8] (b) «*tf. -f y h«J 7*JfcfcSW:3=7 

U-t«D, £©X7U-£±f24"J->->-h©£® 

(c) BAtf-fy HJ7«ftft3W:i:i7|3|!fc MnOx » 
*fc*B£U rt»LTifU->$'-hft»D, 
T«tt©@#«JSg&ftSf S. BA«-f y h 

50 U7££{tv^3=7l&*t MnOx ©*i£ig£bTX 
7»J-*ii0. H©X7'J-SSfCSffi©«ffilC^fli 
L, ^cLTK!K©@#tt»SS^S-rs. 
[0 0 0 93 *IW©|=©Hfc43»r»Ttt, Mill 
+ K. £&«7C&lC#^5^JPJt*# 5 ~50 iol !*;©§« 

£-ev -tta. ^©^ntgswgffifcte. 

±BBtHCT?*«. ^©i'SiftJRffSffiSrJgfRTSlC 
tt. «A« NiO^t-fy Y^7f^.VcV)Vn=.7mHF. 
t MnOx ©5tttSil-&b, X^U-SjgO. £©X7U 

-«Bmno«BK:tt«L. «*-rs*j**«*«. 

40 [0 0 10] 

Mum mwimunuui^ 

mmommtimtimi' soFc#mfls©m 

ffifflb»V>©-C, )K»Sffi£jl«©^)t-PSjg-C#S 
U Jl/^n^A, ^-fe^^AtViofciiSnx h©$ 

[0 0 1 13 jTOII&BIFIffS&ftffi£:*&&«H 

50 iff bo. ^fi«ffi©m^ft;¥5^is-e*s„ ^©^« 
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&53fite. ^rtfcWe.A>T^U. Lrt>U ECF©<k 

•5 (citsi-r-5. a«o«fltft;^ws^*KTic 

Mfcl] O l +2H(ad.) -»&0 WX) + 2 e" 

[ooi2] cnc»u *»9rctt. 

Wb2] O'- + aMn0x ->aMnOx .■/. +2e" 

ns. 

Mfc3] 

aMn0i*i/.+ H> ( 13X) -aMnQx + fcO WX) 

C0 0 13] ®#mmn\z-?>jj>%ttt<&zia&\z 
tt» ■7>^><D ; e;nt^&i~i5iDoi xtvm-tmtfs. 20 

*>&v>. cftifil nl ft*4«ffi©SH4 
£fa±3it£$&tf<£K£®»-r?«&^. cn*n5 mol 

ft D. ^tc-f y h U 7-V£fe{kVtziVVa-T*RiWz 

[0014] mmnmwz-ryx 30 

[0015] * 



(SSJ609D Bli:iRtJ:5ftA-7t*«»U ft 
*W«Stte«&****-ftfrr>&. SET. 8mol X-f 
v b 'J 7«£ft?*3:i7©nttttifl6tttt 1 fcffl&Ufc 

(jfiSMim. ^3 1 mm) . -i y b »J 7f£%to? 

;vn-7»*t iin304©*t*. ^ i ic^-rsi-s-c, e 
sasfcau xnf>» 4oofiafiB£tti;L, jg»ca» 

[0 0 16] nftttttftttt 1 ©SB6IC. i©7.i"J-> 
WWffl ^-X h SatglOmi© PHgn* - iMJ - > 
B1»JU 100 1CfcT2l*H]«»Lfc«. 1400 t 

*r*H#«MW2*«»rtan3fc. c©hwmhui 

2 ©Brffi SjfeSIim? <fc o Tttfc t C 5, 

Bfl^XM2ttBHftftlcttttU RetfS&fcttli: 
%>-#fl5UTV»ft. n4MMMR2©JMtttt20tfi T 
ftofc. fcfc, HWMHtR2ftlC«fr>?. V>#>tt 
?>#>K*tft©JBTl¥:fiELT^£>. Ltf»U T>^f> 
tt£RR©RfcR«rUT^*U RRdttftttfUffe 
Mrc$&V*©T. V>#>5c$©;&;Hfc$S«ljrr 

[0017] *v»t. mftmmmm2<z>&Miz&&«.- 

Xh?&iSg6i!iiiiOn^;^->TX^'J->R)»IU * 
fcP3»tt«aS«:l©^BiCe^-XheBS6mi©R 

i©«Hffifcit£ o.3!mD©e4tiiS4=&#€r#^ 

-XhS&ftl/fc. A-7-fe;U±#:&*»>l 1 1000 , ClCT 
ll*Wft*#tt. ftWtftSA, MMSBtMU ifi 
:?Mffi&l/T©a*ft4*Bftl/fc. 

[0 0 18] 

»1] 



7C^ 


n A W 


ZrfctolX) 


85.4 


85.2 


84.5 


81.6 


79.0 


73.9 


Y (doIX) 


14.6 


14.6 


14.5 


14.0 


13.6 


12.7 


Ma (no!*) 


0.0 


0.2 


1.0 


4.4 


7.4 


13.4 



[0 0 19] EkT<D£?IZLTim\s?t/\-ytMZ*i 
t. R&TftBlfc*R£fttttfX&lsTttU K3§£ 
RfttfX&LTKU. 1000 , CKfflil/T58«S'e&. # 
&»6 4nn»C. ^ifi-f>fcf-^>XftlcJ;oT, ft 

T. S2^e>»-5<fc5IC, ft«Hffi3AtgS-r5B»« 



«*qfb<T]0«O. ®ffiRf&©fi§tt*U:!&*oTH5. 4$ 
CV>j!f>^ra*tl mol 9g£A_h. MKttS mol%K± 
T, «ff»M^ft©tt^«qrUb>. 

[0020] m&m2) 03fc^-r«t5aA-7-fe^ 

ftfl««L. ill!!i»«ffi©»tt*a!l^U!t. *r. SIMM 
lC^Ufc%©t^i;, 8 molX-fyhU7**ft5>A'3 

5<7 WSlmm). *fc. ft»«CttA&bT. 8 nlX-fy 



-497— 



(4) 



®mW- 5-190183 



7;P5 ^-s^oSicxn, ^fiioo-CKTiowfaMRfc 

bfc. 

[0 0 2 1] (S«|gOlSW^eSi?L#lCAnT2^m» 

[0 0 2 2] 8 mol %4 v V 'J 7£5£ 

fc^;ton7a>£&5RS8#fcil6#l ©Affile. 



* ©X £ 'J - >ff RK-X h SBS 6 mOnW^-y I* 
X*'J->I?*JU 100 1CfcT2»MWfcWU *»*13 

■e. Rfi«ttilg«a©fc5-#©£ffifca&'<-7.hi& 

1 ©<WEWCttgO. 3mm ©&&$ 4 t 

*iooo , c»cTmK«i€r#^. *fffi3B£jgj&u 

£Uffii:bT©e&S84 SHJtbfc. 
i0 [0 0 2 3] 
K2] 





u & m 


ZrOnolfc) 


15.1 


14.3 


13.6 


12.1 


7.6 


6.8 


6.0 


Y GnolX) 


2.6 


2.5 


2.3 


2.1 


1.3 


1.2 


1.0 


Ni(mol» 


82.3 


78.2 


74.1 


65.8 


41.1 


37.0 


33.0 


HnGnolX) 


0.0 


5.0 


10.0 


20.0 


50.0 


55.0 


60.0 



[0 0 2 4] K±©±5(Cf^SbfcA-7-fe;^. 

mi tmmzLT%mts^ ipo3aM>}£-y>x& 
lector. %mmi tmm\zvxi!mm.mo>f$M®W}iB. 

[0025] 04©«em«^, nmmmto\z-?>}}>& 
fc®zift£t<itz>z\ii\z£-3x. mmKf&gm<WL< 
«^bTv^rt*i»5. s.tc3:&m7cmiziirrz>-?> 

#ftl;:T#5 CO^-lUt^i. 10-30 mol 30 

XtTZt. -H#*blA, 04ICJ5^T. V> 

#>^rft#0 %©££ ©S#£l!lffiffi©*£££100 
%fcmebfct^» &Aff50%<DXm*7fil,. »B**25 

%©**£*?-. *rc. gum. 2 ©2H&fss£iSis 
t@^m»Rt^fflt©=ffi^®T^fflbT^s n t*» 

[0 0 2 6] 

[529i©#l£] EU^fciSI;:. *S!WI'±n«, «S 
»«ffit@flc«»Htmfflt*^?iSHffi^ffi©-SSJC 40 



±©B8«fcV>U SXhfefi^. got. 

[0ffi©ffiwcct!i9!] 

[HI] «8»SS©m^l4ffijR : £a!l5£-rs©»Cffl^& 
A— 7-fe;P©jEffi@T*5. 
[02] 0&Sfim&2*©V>#>^ttti®ffi#Sl 

[03] «s«^ffi©«#^»iffitt: ; £a!i&-r5©tfflufc 
[04] m®fmm5*<D-?>j}>ttm£mm®& 
[^©ift«] 

1 8moI YV7$t%.tt.*J)VO-7ft*>l£Zn& 

3 A. 5 ^mSBS 
3B *fffi 

4 #fl8ffitbT©e&«l 



[01] 



[03] 



,3A 



^3B 



l 3B 



5 
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(54) imami mmnm%mwti 



(57) [£ft] 

ism mimmmmmwmzti^x. \mm<&? 

UftJS] «S«ffii:il««j|WrkSvffli:*»^*&Hffi 

/l-Jt$#l~15 mol%OgJ£T'vy;tfy£-&fi-;S-£.g>„ 
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(2) 

1 

5 ^ ;Hfc^ 1 -15 mo i %<nm%Z"? yiiyif&a 3 tl 

*Mfcsfc&*5~ 50moi %«gJ£T'^y#>#-&^£;h. io 

imnffltttWLmi 
[0001] 

[0002] 

BftW*KSflm®ft (Solid Oxide Fu 
el Cell : S0FC) tCfeWCfct, W^W&X'^tmziih 

/h$ < -tS •! i: if. SOFCcflt fflafl^fttaMFC* 20 

[ 0 0 0 3 3 BWE, «fflmffi«f4fc LT - -y 
3 - r y-* -/ h *HRW7* * , £ <7)Wfsf<± > •- -y *r 

ykf -^At . A -y h <J r^-ffcx>3-7i:0-t-^ 
•yh#S£$*rC^|> (1991*. 

Si 1 *. 2G 27 ) . ifc. ^3-7^01: PrOx , 30 
W)i^fflV^fc-9--^-yK,fBBS*fCvi4(1991 *. * 
ftftm¥*#f»SKtllL 2G 20 ) . 
[0004] 

IM* S *!J 2500 "CtS<. ;Uf-^A^r3^Ttf-^ 

tt#lK. ISfflttfctSU*. (P 
r), Ce0 2 , ^r-^A*t. #»tJMFWfei^B-C 

M(c{i[S]*^V\ WJicoiSglli:, JtKWffinxhir* 40 

mx\ mmmn-i&inkftmzmtiL. soFCM^^ai 

[0005] 

[0006] TO««£fcllfl^Wfc«ffifc*><o=S:6E. 
m h . *-*>lB«*?H:. Ett€8?ftO a «W 50 



WBH¥5-1 90 183 

2 

R»t fefi* ilJ^fflfcfc k ~>X . AAIBE«fc*f 1 1> */Wt 
Wl-15 mol%^9J£T'^>'#>-£-& : fr$-£&. -IO 
JWKtOV >T , T%%.it ; Jjl-3-7 ( Y S Z ) 

hm\<mfrL>mtitzm\X'\±. -?y^y^ttix^ 
mmmtntLxm^hm^ii. ^mmm 

AWtMlSffij W+tfjfifi&fcfcWC, Y2O3 , Zr0 2 R 
V Mn ft^feWSv^HJg-r*. *LT. 4 v hVTn 

£100 kLtzbZ. ^ytfxD^iV&i i—i5t L&it 

[0007] mft-mmnd *>mm&gtne>ii&M 

(a) Mitf'f ■yh l JT$Sfb> ; ^3-rtJ:- 5 T. ®K 

[0008] (b) fifjitf, -f -y h 'J 73636^ ^3 - 7 
•J 7ML ^7«J* t MnOxS* kZWLaL, Xy 

(c) Mitf-f v h l J7SJtft> , yl'3-7«*fc MnOx » 

■C«tt<0ffl*WI«*fH!-r4. CT^tf-f'yh 
V7&m\Ly')i>?-7®*.k MnOx »*t$-a^LTX 

t. m$.Lxmvtcomftnfmzfmt h. 
[0009] ^m^mz^mmizh^xii, mmwm 

^XiyfiyZttZith. zwi'imconm.mii. 

(±. witr Nio^t -f 7 h y rggfty/^^rt* 

[00 10] 

[#ffl] *JHB*tt. «!mmi:Slfr«W«i:^tit^ 
WKfflStt-ffc^a** L < 4nS < 0 , S0FC#«?fioa} 

[00 11] ««f4mffii:®(*^@i:mffli:*>^l»H 
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[•fbl ] 02- + 2H(ad.) -» H2O +2e- 

aj-r*. 

[0012] £fifc»U *JMB-«4, W^e^tt^W 

-r^itftvy^-y (Mnox) t. h#*»*+£«»i/c 10 

Ut2] O 2 " + aMn0x -^aMnOx n/a + 2 e" 
Iit3] 

aMnOxti/ a + Hz ( fix) — aMnOx + H2O {fix) 

c 0 0 1 3 ] mw-wmmz^vfiyitttZik&^z 

vy^yffl*^icffttJ^a. Eft 
«W«+oWR>f5i->1tlI:*lfl»t4. -?y#y$-£W 
*-fr*^*Offl*«)IMHimi: LTIi. 7frfi»±M&m 

[0014] ^flft+fc^Jojfyfc-MrStf****: 30 

[0015] * 



« immm: 

»««attta!jet«mi*iT-5fc. *i\ 8moi %-f 

v h y 7K£fcS>;l'3-70H*R*»*l fcfflSLfc 
<dC814M s /¥§ lmi) . &^T\ 4 •/ h V TZ&ti'' 
fra-TlR&b Mn 3 04^*t5r, *lt*t«^T. § 

iwuwct 2b*bih£U:. i 0 Lx&ftRfmm.cD 

[0016] nsttffi@fti<?>$iG£ % iwj-y 
fwra^-x i- zw.mio^pi&j-if-yx'x? >j-y 
ep$ju 100 •c£-c2BSHaai£L)ta, 1400 *c 

2 aK9£@^?BBttfc:J: t fc t Z h . 

mmMMm 2 inis&mzmk l . nmttm# 1 1 

fc-tMtLTUfc. El*«fPM)i2cOff${iltl20^iii -C 

vy*>Ktt^-C'*?tfc^i). u&»u -?yfiy 

[ 0 0 1 7 ] <fcvv?\ BNfc««fftll2a*ii|(=3£'<- 

v - >-e* 7 'J - >^ n Lfc . wc , 

le»5BW81Hfcliao.3incoaAI»4t**f+Jt. SA^ 
-xh^SSffitfe. >'N-7'te;l^ft£^i4UOO0 , a;:-C 
lB«B«*«»t. «*«fi3A. «tt3Bft»jRL. *» 

[00 18] 





» at m 


ZrdiolZ) 


85.4 


85.2 


84.5 


81.6 


79.0 


73.9 


Y (flolX) 


14.6 


14.6 


14.5 


14.0 


13.6 


12.7 


MndiolX) 


0.0 


0.2 


1.0 


4.4 


7.4 


13.4 



[0019] jar*)* 0 izLx^muz^-ytMza 

IWbJrxfcUTaL, KXXTCKIMlLTjMtS-li*. # 
t. H2*»fe»4J:3C. Mf41M&3Atig-r&il<WI«50 



(C-?y^y^-*ft*<l mol%ULh. S»C(i5 mol%W± 
[00 20] (SWOT2) H3fc**-J:3«r^--7-fc/P 

JS$ lu ). 4fc. Hffmsmt LT. 8 mol%^f -y 



02/20/2003, EAST Version: 1.03.0007 



(4) 



90 183 



6 



h , J793fc{ti'}\'3-TVm* Mn 3 04 »*. NiO tft*£ 

[0021] ffiRaofis* iim»tA3h.T 25ia» 

[0022] mfaWMMX'h&8 w>\%4 >y h U 7££ 



10 



* 7 'J - y h £ US 6 mmCOPffl^* - y t 

X9*)-vm\L. 100 °ClCT2^raiaiL, ^m+13 
50°C£T 2 Iffilffift L , flffm&K 5 Lfc . fcH 

P3»R«SB*l(?5lBHffit:lS0.3Dni e>B&lft4£gd 

•ttOOTCfcTlllSSHft&tftt, Htt3B£»jRU fro 
mmt UC*>6£«4*ffi5£U:. 

[0023] 

[*2] 





m at n 


Zr(molX) 


15.1 


14.3 


13.6 


12.1 


7.6 


6.8 


6.0 


Y (polX) 


2.6 


2.5 


2.3 


2.1 


1.3 


1.2 


1.0 


Ni (molX) 


82.3 


78.2 


74.1 


65.8 


41.1 


37.0 


33.0 


Mn(molX) 


0.0 


5.0 


10.0 


20.0 


50.0 


55.0 


60.0 



[0024] a±.cr>£ot,zimuz^-y-t)uz . mm 



ciot. mm 1 1 mmiz i xmmw&nmmwM 
[ o o 2 5 ] 04 <oi6*a»s> . m®mmmz-?>ifvm 

tixn^Ytm- 5-50 mol%fc-f!.fc, «@9Blffi£L 
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(57) [Abstract] 
[Objective] 

In solid electrolyte fuel cell, with inexpensive method, 
activation polarization* electric charge movement resistance 
of fuel electrode is decreased relatively, output of unit battery 
it is to improve. 

[Constitution] 

manganese it exists in portion of three-phase interface which 
consists of the fuel electrode and solid electrolyte and gas 
phase . 

This manganese element, participates in reaction in 
electrochemical reaction limits, decreasesactivated 
polarization of fuel electrode considerably. 
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ffi(D^«TI±. fl$*HI«*lc. ±£J!5c3ilz 
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[»#« i] 

[1S*« 2] 

1" ^Utt^tf l~l5 mol%(DSJ^T?-7>**>A< 
[»*« 3] 

it$*< 5~ 50mol %©§ J^-e"7>**>*<^$ 
life. 

Specification 
[000] ] 

[a*±©*i]fl!#»] 

[0002] 

[ft*0)ftffi] 

@(*tt8?a^KS*4ttjl!l(Solid Oxide Fuel Cell : 

soFQicfc^rii. mtmmx-<Dftm\z&z>n 

Tttfil£/h£<-f 3C<!:/><. SOFC ©BUS Alt© 
[0003] 
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mole ratio for total metal element of this range on surface 
sidewhere it exists, i nside fuel ele ctrode of solid electrolyte 
can provide manganese in portion of three-phase interface, 
contains manganese at ratio of 1 - 1 5 mol%. 



With othe r embodiment, in fuel electrode, mole ratio for total 
metal elementcontains manganese at ratio of 5 - 50 mol %. 



[Claim(s)] 
[Claim 1] 

manganese exists in fuel electrode of solid electrolyte fuel cell 
and portion of three-phase interface which consists of solid 
electrolyte and gas phase , it makes feature,solid electrolyte 
fuel cell 0 

[Claim 2] 

solid electrolyte fuel cell G where mole ratio for total metal 
element on surface theside where among aforementioned 
solid electrolyte it can provide theaforementioned fuel 
electrode at least, manganese is contained at ratio of 1 -15 
moI%, states in Claim 1 

[Claim 3] 

solid electrolyte fuel cell 0 where in aforementioned fuel 
electrode, mole ratio for total metal element manganese is 
contained at ratio of 5 - 50 mol %, states in the Claim 1 



[Description of the Invention] 
[0001] 

[Field of Industrial Application] 

this invention is something regarding solid electrolyte fuel 
cell. 

[0002] 

[Prior Art] 

Regarding solid electrolyte fuel cell (Solid oxide Fuel Cell 
(0092 - 8674):SOFC ), because voltage loss losing is large 
with polarization with fuel electrode, raising activity of fuel 
electrode, it makes polarization small, , it is necessary because 
of trend to high output of SOFC. 

Because of this, recently, activation of fuel electrode, is 
researched asimportant problem. 

[0003] 
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*#»/HS©*,2G 27), 

v7U=l-7(DftyiZ PiOx.CeOjfcffll^fc 
■9— >^ht«SB**lTt ^4(1991 *E.*JHb¥ 

*k^^;HSg*,2G20) „ 

[0004] 

LA x Ls VU'f-^ Aligt^iA^ 2500 deg C tffi 
*7t,^ ,J 5-t^-V^A(Pr),Ce0 2 ;Ut-^A£ 

**««©Ste<b#«*tt&u sofc Jdtfta 

[0005] 



[0006] 

«»WEiBtt:»BHfcjM§fcfrP><t5=«JH 
t&^MtQtf 1—15 mol%<Z)S!|£T?-?>#>$ 
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nickel- zirconia cermet is general presently, as fuel electrode 
material. 

It is something which disperses zirconia in order this material 
designates nickel as electron conductor and reaction catalyst, 
to adjust zirconia solid electrolyte and thermal expansion 
ratio. 

Vis-a-vis this, from as highly active electrode material, cermet 
of ruthenium and the yttria-stabilized zirconia is proposed, 
(1991, electrochemistry Fall meeting lecture gist collection, 2 
G27 ). 

In addition, also cermet which uses PrOx , Ce0 2 in place of 
zirconia is proposed, (1991, electrochemistry Fall meeting 
lecture gist collection, 2 G 20 ). 

[0004] 

[Problems to be Solved by the Invention] 

But, ruthenium melting point approximately 2500 deg C is 
high special method,necessary in order to produce ruthenium 
zirconia cermet quite productivity is bad, the practicality is 
scanty. 

In addition, it does not face to industrial manufacturing where 
praseodymium (Pr ), both Ce0 2 , ruthenium, very cost is high 
with expensive trace metal , produces fuel electrode of the 
large surface area. 

problem of this invention, with inexpensive method, to 
decrease activated polarization of fuel electrode relatively, 
output of SOFCunit battery being toimprove, it is 

[0005] 

[Means to Solve the Problems] 

As for this invention, manganese exists in fuel electrode of 
solid electrolyte fuel cell andportion of three-phase interface 
which consists of solid electrolyte and gas phase , it 
issomething which it makes feature, relates to solid electrolyte 
fuel cell. 

[0006] 

manganese it exists in portion of three-phase interface which 
consists of the fuel electrode and solid electrolyte and gas 
phase , there is a embodiment of two. 

With embodiment of first, mole ratio for total metal element 
on thesurface side where it can provide inside fuel electrode 
of solid electrolyte,contains manganese at ratio of 1 - 15 
mol%. 

Concerning this embodiment, case where solid electrolyte is 
formed from the yttria-stabilized zirconia (YSZ ) is explained 
for example. 
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I*. ±ELf=rjK»««4<Rit&ti*iBj<D+# 

ifiHSKfcOT, Y 2 0 3 Zr0 2 Mn fb^&tf 

ftirv^tfxD^u&cDSf+S 100 iLfci:*. 
7>#>©*;HI* 1-15 tLftit*il<ftf)ttl^ 

[0007] 

1=1*. iaTfl)«a0W<#;i.&ih.4. 

(a) ^J^.I*-1'^h l J7S^1bv;U3-7lCj:-3 

MnOx t&3fc<t£;1£U X^'J— £i£y, C<DX 
[0008] 

(b) fljtli. -f -yh'J7SSft5?;U3-7»** 



MnOxt»3fc££;i£-L. X^'J-^iEy. C<DX5 

(c) flAtf-fvhU7SS<b5/;U3-7tt*t 
MnOx ;S£U rt»LTyj— >«>-F- 
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Regarding this embodiment, with site which leaves from 
surface theside where it can provide inside fuel electrode of 
solid electrolyte, manganese maybe included, not being 
included also, is good. 

In addition, case it uses YSZ as solid electrolyte material, 
Y 2 0 3i Zr0 2 and the Mn compound solid solution do mutually 
in fully vicinity of "Surface where it can provide fuel 
electrode " which wasinscribed. 

When and, number of moles of yttria and number of moles of 
zirconia anddesignating total of number of moles of 
manganese as 100, number of moles of manganese must be 
designated as 1 - 15. 

[0007] 

It exists, production method example below can think of 
manganese in fully vicinity of thesurface side where it can 
provide inside fuel electrode of solid electrolyte. 

With (a ) for example yttria-stabilized zirconia , solid 
electrolyte of sheet or film is formed. 

Next, it mixes yttria-stabilized zirconia powder and Mn Ox 
powder , makes slurry, coating fabric does this slurry in 
surface of above-mentioned solid eIectrolyte,calcines. 

[0008] 

(b ) for example yttria-stabilized zirconia powder forming, it 
makes greensheet. 

Next, it mixes yttria-stabilized zirconia powder and Mn 
Oxpowder , makes slurry, coating fabric does this slurry in 
surface of above-mentioned greensheet, alsosinters. 

It mixes (c ) for example yttria-stabilized zirconia powder and 
Mn Ox powder , forms and makes greensheet,calcines and 
produces solid electrolyte of sheet. 



t MnOx »*fc£5E£-LT*^>;— ££y.C 
[0009] 

lz % ±*a5c*lc»-r*^;utt*36< 5-50 
mol%<Dffl£T*T>^£^£i+£ 0 



NiO fUMt-f^JT'S'&it^J^-TBMt 



Or, mixing for example yttria-stabilized zirconia powder and 
Mn Ox powder , it makes slurry, coating fabric does this 
slurry in surface of air electrode, calcines and produces solid 
electrolyte of film. 

[0009] 

Regarding second embodiment of this invention, in fuel 
electrode, mole ratio for the total metal element contains 
manganese at ratio of 5 - 50 mol%. 

calculation method of this mole ratio is same as description 
above. 

This kind of fuel electrode is formed, there is a method where 
it mixes the for example NiO powder and yttria-stabilized 
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MnOx *»3fc<t£;g£UX7U-£iiy,C<DX 
[0010] 

SOFC i|l«j6(Dtt*A^±-r-5Ct*HtilL. 

[oon] 

«8«ffii:B#*»HfcSlfii:*&«i:4=ffi# 
[Ibi] 

0 2 +2H(ad.) — H 2 0(^fX)+2e* 



ccoSJSTIi. ^Klcfftt. RJtSftfc** 

[0012] 

LrtfcK*-f*>t*Mb*-r«. 

[fc2] 

0 2 +aMn0x — aMnOx +I/a +2e" 
[ft 3] 



zirconia p owder and Mn Ox po^de r„,,makes,sluiTY,,coating 
tabnc does this slurry in surface of solid electrolyte, calcines. 



[0010] 

[Working Principle] 

As for this inventor, when manganese it exists in portion of 
three-phase interface which consists of fuel electrode and 
solid electrolyte and gas phase , activated polarization of fuel 
electrode small becomes considerable, output of SOFCunit 
battery improves to discover, this invention was completed. 

Furthermore, according to this invention, because high 
melting point metal like ruthenium is not used, it is not 
necessary to use trace metal of high cost whichcan produce 
fuel electrode with conventional method and, such as 
ruthenium N praseodymium. 

[0011] 

three-phase interface which consists of fuel electrode and 
solid electrolyte and gas phase is electrochemical reaction 
limits of fuel electrode. 

Reason where activated polarization becomes small due to 
factthat manganese exists in this domain, is not clear always. 

But, like below it presumes. 

First, conventional electrochemical reaction system is shown 
below. 

[Chemical Formula 1] 
0 2 *+2H (ad. ) *H 2 0 (gas ) + 2e 

With this reaction, dissociated* are adsorbed oxygen ion 
which in the hydrogen and solid electrolyte which scattering 
is done reacts in metal,discharges electron. 

[0012] 

Vis-a-vis this, with this invention, manganese oxide which 
possesses electronic conductivity (Mn Ox )with, scattering is 
done oxygen ion which combines in solid electrolyte. 

[Chemical Formula 2] 

0 2 "+aMn Ox — aMn Ox +1/a +2e" 

Next, with hydrogen in gas phase, manganese oxide is 
reduced. 

[Chemical Formula 3] 



aMnOx+l 


a 




H2( 


a 


*) 


-♦aMnOx 




H20( 


ti 


*) 


aMnOx+l 


a 




H2 


Moth 


*) 


*a Mn Ox 




H20 


Moth 


*) 
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[0013] 

■?^Ji^(D : E>\,}£m$: l~15mol "/otUCItftli* 
CtlA< 15 mol%_-Jg;_3_, V>#>fi£#„<@ 

[0014] 

lltt&Z 5-50 mol%_-f 

«»«S<DSttlRl±«lJ|l36<«iai=«T-*-4. 

[0015] 

(Uttstfl l) 

8mol %-f -vhUTS^ibv^n-Tron 
fittffiltft: 1 _-ffl*Lfc(tt8 14mm. If * 
1mm) o 



Mn 3 0 4 8 1 



C5L-Ci#t_jI*4f»* 100 ««gSlc^L 
t_>;4 400 MtB_-ilOj_.Mlr£! 



[0016] 

ffl"?— Xh^ttg 10mm <DF]B'&—lsX-*V 
'J— VEPfiML. 100 deg C 2 ftfBl&fllLfc: 
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T Those where activity of electrode reaction has increased it 
is presumed. 

[0013] 

When manganese is contained in solid electrolyte, mole ratio 
"of marlganese mustbe designated as J - f5 moP/£ — 

When this is under 1 mol%, activity of fuel electrode effect 
whichimproves is not particularly remarkable. 

When this exceeds 1 5 mol%, manganese component solid 
solution becomes difficult todo in solid electrolyte, 
manganese phase precipitates to grain boundary. 

oxygen ion scattering in solid electrolyte inhibition it does 
this. 

zirconia which contains alkaline earth metal element or rare 
earth metal element as solid electrolyte material which should 
contain manganese, being ideal, when zirconia which 
isstabilized with especially yttria is used, effect of this 
invention itis large. 

[0014] 

When m ang anese is contained in fuel elecfrode. _mQl.ejati.o_is . 
designated as 5- 50 mol%. 



jrJvVhen mntenf nf m anganese deviates from this range 7 activit y 
improved effect of the fuel electrode decreases suddenly. 

[0015] 

[Working Example(s)] 
(Working Example 1 ) 

Kind of half cell which is shown in Figure 1 was produced, 
theexperiment which measures fuel electrode activity was 
done. 

First, disk shape sinter 1 of 8 mol % yttria-stabilized zirconia 
was prepared (diameter 14 mm, thickness 1 mm ). 

Next, at ratio which shows yttria-stabilized zirconia powder 
and Mn 3 0 4 powder , in Table 1 ,2 hours it mixed with 
automatic mortar . 

In this way, furthermore it mixed with automatic mortar 
vis-a-vis starting powder 1 00 parts by weight which is 
acquired, including terpentine oil 400 parts by weight, 
produced paste for the screen printing. 

[0016] 

In surface of disk shape sinter 1, screen printing it did paste 
for this screen printing with round pattern of diameter 10 mm, 
with 100 deg C 2 hours after drying, 2 hours it calcined with 
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ffe.*ft* 1400degClCT2B#rBlfltJfiLfco 
@f*«$KIS2<DII£li$t]20/im "Cfcofco 



[0017] 

xi^x\ m^mmnm 2 am® ics&^-xh 

£E& 6mm (Z)n»/^->-ex^'J->EPBH 
6mm 0)Rff^/\^->-CX^'J->Fn»]L 

SIC, nStt%6tf 1 (DflfiSIZiSS 0.3mm 

tZo 

/\— 7-fe;U£ft£ X%*P 1000 deg C \ZX 1 ftftfl 

[0018] 
[Si] 



1400 deg C in atmosphere. 

Because of this, solid electrolyte film 2 which contains 
manganese oxide was formed. 

When cross section of this solid electrolyte film 2 is observed 
with scanning electron microscope , you sintered solid 
electrolyte film 2 almost in dense, unified also disk sinter 1. 



thickness of solid electrolyte film 2 was approximately 20;mu 



in 



Furthermore, manga nese exists in form of man eanese oxide 
Tnsi£lejhe_soji^lectrolyt^ film 2. 

But, manganese has had oxidation number of multiple kinds 
because and, it cannotmeasure oxygen content in precision, 
mole ratio of manganese element is measured. 

[0017] 

Next, in surface of solid electrolyte film 2 platinum paste 
screen printing was done with the round pattern of diameter 6 
mm, in addition in surface of disk shape sinter 1 platinum 
paste screen printing was done with round pattern of diameter 
6 mm. 

Furthermore, platinum wire 4 of diameter 0.3 mm was wound 
around sidewall surface of the disk shape sinter 1 , platinum 
paste coating fabric was done. 

half cell entirety 1 hour was baked with 1000 deg C in 
atmosphere, fuel electrode 3A N counter electrode 3B was 
formed, platinum wire 4 at same time as reference electrode 
was locked. 

[0018] 

[Table 1] 



7ZM 


» a m 


ZrGaolX) 


85.4 


85.2 


84.5 


81.6 


79.0 


73.9 


Y (mol» 


14.6 


14.6 


14.5 


14.0 


13.6 


12.7 


MdOdoIX) 


0.0 


0.2 


1.0 


4.4 


7.4 


13.4 



[0019] 

WtitiSXtLXfaL* 1000 deg C iC^SLT^ 



[0019] 

It let flow hydrogen which humidifies with room temperature 
vis-a-vis the half cell which it produces like below, it let flow 
oxygen as the fuel gas, temperature rise did in 1000 deg C and 
generated electricity as the oxidizing gas. 

With alternating current impedance method , electric charge 
movement resistance of fuel electrode was measured from the 
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n 2 A^b»i>j;oic. 3a Hrrsst* 

!^IZT>**>##ftA< ] moWWSLt.JBl::!* 5 



[0020] 

(Mmm 2) 

MJ7££1tv;U=i-7frb£&Rffi#i&$S<* 1 
£fflSLfc:(lE& 14 mm , JS£ 1mm )„ 

ttz. mnmmm^tLx. s moi%<f?/Hj79 

36jbS?;Wa=Ttt*.Mn 3 04 l»*»NiO 

/c o 

Iftfl&KT 2 «|UJjE*Lfc. 

*U *tt* llOOdegCICT lOftPdHS&Ui:. 



[0021] 

U C3LT»f=lJ*M»* 100 wHwcatu t- 
Wf>»* 350M«Pt.»*/W>y-i:LT 
Oi^;H:;up-x$ 2 Mt«£*in*. ?L» 

[0022] 

@f*mfl?ff-e&-£ 8 mol%'f-vh'JTSS1bv;U 

VEP©]^— Xh^ Eg 6mm ORB 
>I-X-?'J— VEPBflU 100 deg C IZT 2 
B$RS)$£JgU 1350 deg C ICT 2 ftHftA 

u gamin 5 £#i«Lfc. 

JKl*T?. R8ttfttt{* 1 CDt5-^0«®lce 
Xh£ES 6mm ORAM*— >T'*?U 
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temperature rise 4 hours later, activity of fuel electrode 
evaluation was done. 

However, as for reaction with fuel electrode, you thought 
thing which rate determination is done at electric charge 
movement speed, you made electric charge movement 
resistance with the crescent of circular arc of Cole-Cole plot. 

This measurement result is shown in Figure 2. 

As understood from Figure 2, when manganese oxide exists in 
solid electrolyte film 2 whichtouches with fuel electrode 3 A, 
electric charge movement resistance goes down considerably, 
the activity of electrode reaction has risen. 

Especially manganese content 1 mol % or more s 
furthermore with 5 mol % or more, decrease of electric charge 
movement resistance is considerable. 

[0020] 

(Working Example 2 ) 

Kind of half cell which is shown in Figure 3 was produced, 
activity of fuel electrode was measured. 

First, same as those which are shown in Working Example 1, 
disk shape sinter 1 whichconsists of 8 mol% yttria-stabilized 
zirconia was prepared (diameter 14 mm „ thickness 1 mm ). 

In addition, 8 mol% yttria-stabilized zirconia powder * 
Mn 3 0 4 powder* NiO powder were prepared as fuel electrode 
material. 

It compounded with composition which shows these powder 
in Table 2, 2 hours mixed with automatic mortar . 

In this way, you inserted mixed powder which is acquired in 
alumina crucible, 10 hours calcining did with 1,100 deg C in 
atmosphere. 

[0021] 

Inserting starting material after calcining in automatic mortar, 
2 hours itpulverized, in this way and it mixed ethyl cellulose 
vis-a-vis starting powder 1 00 parts by weight which is 
acquired, terpentine oil as 350 parts by weight and organic 
binder inside the mortar including 2 parts by weight , 
produced paste for screen printing. 

[0022] 

In surface of disk shape sinter 1 which consists of 8 mol% 
yttria-stabilized zirconia which are a solid electrolyte,screen 
printing it did screen printing paste of each composition in 
round pattern of the diameter 6 mm, 2 hours dried with 100 
deg C, 2 hours calcined with 1 350 deg C in atmosphere, 
formed fuel electrode film 5. 

Next, in surface of another of disk shape sinter 1 platinum 
paste screen printing wasdone with round pattern of diameter 
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6 mm. 



Furthermore, platinum wire 4 of diameter 0.3 mm was wound 
around sidewall surface of the disk shape sinter 1 , platinum 
paste coating fabric was done- 
half cell entirety 1 hour was baked with 1000 deg C in 
atmosphere, counter electrode 3B was formed, platinum wire 
4 at same time as reference electrode was locked. 

[0023] 
[Table 2] 



7C^S 




fe 






m 




Zr(raolSK) 


15.1 


14.3 


13.6 


12.1 


7.6 


6.8 


6.0 


Y GnolSO 


2.6 


2.5 


2.3 


2.1 


1.3 


1.2 


1.0 


Ni GnolX) 


82.3 


78.2 


74.1 


65.8 


41.1 


37.0 


33.0 


NnOnolX) 


0.0 


5.0 


10.0 


20.0 


50.0 


55.0 


60.0 



[0024] 



[0025] 

5-50 mo1%tf «IS»»tttS*<f*lcT4< 

^©^Ut^li, 10-30 mol%£-f£J:* -Jiff 
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[0024] 

Like above generating electricity half cell which is produced, 
tosimilar to Working Example I , at same time with 
alternating current impedance method , it measured the 
electric charge movement resistance of fuel electrode to 
similar to Working Example I , evaluation did activity of fuel 
electrode. 

This measurement effect is shown in graph of Figure 4. 
[0025] 

From result of Figure 4, electrode reaction activity has 
decreased~manganese oxicJe considerably inside fuel electrode 
TfexisTs wftfi" understands. ~ 



In add i tion w hen mole ratio of man ganese.for-totaLmetaL 
ele ment isdesighate(i"as*3 - 50 mol% , electric charge 
h^emcnt.rgsis.tancje_ejBec j al jy_goe_s down,understands . 



This mole ratio, when it makes 10-30 mol%, is more 
HesirableT • 




Furthermore, when manganese content is 0% in Figure 4, 
when converting the size of electric charge movement 
resistance to 100%, line A shows 50% level, theline B shows 
25% level. 

In addition, if experimental result of Working Example 1,2 is 
synthesized, as for the manganese oxide, electrode reaction 
happens, it operates of fuel electrode and with three-phase 
interface of solid electrolyte and gas phase, understands . 



Page 10 Paterra Instant MT Machine Translation 



JP1993190183A 

[0026] 

-So 

■TMifci^-c. JK*HtfE»£±cDBiii±& 
[Bi] 

"7*;KZ)iEffiH-efc-5o 

[02] 
[S3] 

^-tr^KDiEaiarfe^o 

[04] 

[»#<DKW] 
1 

8moI %^HJ7$^tv;Ua-7^b&£R 
2 

3A 
3B 
4 
5 



1993-7-30 

[0026] 

[Effects of the Invention] 

As above expressed, according to this invention, because 
manganese itexists in portion of three-phase interface which 
consists of fuel electrode and the solid electrolyte and gas 
phase , this manganese participates in electrode reaction, 
activity polarization of fuel electrode small becomes 
considerable, output of SOFCunit battery improves. 

Furthermore, because manganese is not high melting point 
metal like ruthenium, thereis not a difficulty on fuel electrode 
production and, also cost is low. 

Therefore, this invention on industry quite is beneficial. 

[Brief Explanation of the Drawing(s)] 

[Figure 1] 

It is a front view of half cell which is used in order to measure 
electric charge movement resistance of fuel electrode. 

[Figure 2] 

It is a graph which shows relationship between manganese 
content and electric charge movement resistance in solid 
electrolyte film 2. 

[Figure 3] 

It is a front view of half cell which is used in order to measure 
electric charge movement resistance of fuel electrode. 

[Figure 4] 

It is a graph which shows relationship between manganese 
content and electric charge movement resistance in fuel 
electrode film 5. 

[Explanation of Symbols in Drawings] 
I 

disk shape sinter which consists of 8 mol % yttria-stabilized 
zirconia 

2 

solid electrolyte film which includes manganese oxide 
3 A 

fuel electrode film 
3B 

counter electrode 
4 

platinum wire as reference electrode 
5 
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[Figure 1] 
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XI - SOLID E i.K CTROJLiX Tti TYPE FUEL CELL 

AB - PURPOSE: To suppress the activation polarization of a fuel electrode in a 

solid electrolyte type fuel cell and the electric charge transfer resistance, 
and to improve the output of a single cell by a relatively inexpensive 
method. 

- CONSTITUTION: Manganese is allowed to exist at a part of a three-phase 

interface consisting of a fuel electrode, solid electrolyte, and a gas phase. 
The Mn element acts in the reaction in an electrochemical reaction region, 
and drastically reduces the activation polarization of the fuel electrode. 
In order to allow Mn to exist in a part of the three-phase interface, Mn is 
contained in a mol ar ratio of l-15moi% for all the metallic elements in this 
range/ on the surface or the side where the fuel electrode is installed 
"among the solid elect rolyte. In other cases, Mn is contained in a molar 
ratio of 5-50mol% foiT all th e metallic el ements in the fuel electrode. 
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